The invariant mass distribution of the di-photons from the decay of the lighter scalar Higgs boson(h) to be carefully measured by dedicated h search experiments at the LHC may be distorted by the di-photons associated with the squark-gluino events with much larger cross sections in Gauge Mediated Supersymmetry Breaking (GMSB) models. This distortion if observed by the experiments at the Large Hadron Collider at 7 TeV or 14 TeV, would disfavour not only the standard model but various two Higgs doublet models with comparable h -masses and couplings but without a sector consisting of new heavy particles decaying into photons. The minimal GMSB (mGMSB) model constrained by the mass bound on h from LEP and that on the lightest neutralino from the Tevatron, produce negligible effects. But in the currently popular general GMSB(GGMSB) models the tail of the above distribution may show statistically significant excess of events even in the early stages of the LHC experiments with integrated luminosity insufficient for the discovery of h. We illustrate the above points by introducing several benchmark points in various GMSB modelsminimal as well as non-minimal. The same conclusion follows from a detailed parameter scan in a simplified GGMSB model recently employed by the CMS collaboration to interpret their searches in the di-photon + ET channel. Other observables like the effective mass distribution of the di-photon + X events may also reveal the presence of new heavy particles beyond the Higgs sector. The contamination of the h mass peak and simple remedies are also discussed.
Introduction
The search for the Higgs boson/bosons and the study of their properties tops the priority list of the on going experiments at the LHC at 7 TeV as well as of the upcoming experiments at the highest attainable energy of 14
TeV. This will shed light on the mechanism of electroweak symmetry breaking (EWSB) and the generation of the particle masses. The Higgs sector of the very successful standard model (SM) of particle physics responsible for EWSB is indeed very simple. It consists of a single neutral, scalar Higgs particle. However, this economical Higgs sector turns out to be the Achilles' heel of the SM.
The scale of EWSB is expected to be around 100 GeV. On the other hand the naturalness or the hierarchy problem [1, 2] comes into play, should there be some new physics beyond the SM characterized by a much higher energy scale. The very existence of the new scale tends to push up the EWSB scale far beyond the expected magnitude. For example, the Higgs boson mass blows up to values closer to the new scale, in contrast to the preferred range [3] m h = 89 +35 −26 suggested by EW precision data (the hierarchy problem), unless the parameters of the SM are extremely fine tuned (the naturalness problem). Even the absence of any compelling evidence in favour of a new physics model does not allow us to overlook the above issues, since one cannot wish away the Planck scale, the scale of gravity which is always there.
The above theoretical inconsistency has led to several extensions of the SM. The minimal supersymmetric standard model(MSSM) [4] removes the above problem elegantly in the limit of exact supersymmetry (SUSY) and stabilizes the Higgs mass. However, SUSY must be broken by the soft breaking terms, since the negative results of sparticle searches at various colliders indicate that the superpartners (or the sparticles) must be considerably heavier than the corresponding particles. In spite of SUSY breaking, the naturalness problem remain under control, provided the masses of the sparticles are ∼ 1 TeV [4] or smaller.
In the MSSM the Higgs sector must necessarily be extended and the spectrum consists of two neutral scalars (h and H), one neutral pseudo scalar (A) and two charged scalars (H ± ) [4, 5] . Enormous amount of work has been done in developing the strategies for searching these bosons at the LHC [6, 7] . Adding any new dimension to the above studies is not the aim of this paper.
However, at the LHC these Higgs bosons are likely be produced along with a variety of superpartners of the standard model particles -the sparticles. In particular the strongly interacting sparticles may indeed be produced in numbers much larger than that of typical Higgs induced events. Even if a small fraction of such events pass through the selection criteria for the dedicated search of any of the above Higgs bosons, then the shape of certain distributions expected for Higgs production alone may change significantly, indicating that the Higgs boson may be part of a framework larger than the SM. Such an unexpected shape is likely to be prominent near the tails of the distributions under study where contributions from the Higgs signal as well as the SM background are naturally small. In this paper we shall illustrate this possibility with a specific example.
Some of the above issues have recently been addressed in the context of charged Higgs search by a counting experiment during the LHC-14 TeV run [8] . It has been demonstrated that both in the unconstrained MSSM and in the minimal supergravity(mSUGRA) model [9] , SUSY events can seriously affect the size of the charged Higgs signal unless additional selection criteria are introduced. On the other hand, the combined squark-gluino and charged Higgs events may establish physics beyond the standard model (BSM) physics at a confidence level higher than that attainable by the Higgs signal alone. This enhancement would disfavour not only the SM but also its extensions with two Higgs doublets. After this important hint regarding BSM physics, a clean charged Higgs sample may be recovered by additional kinematical cuts. It needs to be emphasized that the above issues are relevant in any extension of the SM with a new particle sector as well as an extended Higgs sector.
In this paper we focus our attention on the search for the lighter CP even scalar Higgs boson(h). The h boson in the MSSM has properties very similar to the SM Higgs boson in a large volume of the parameter space (the so called decoupling region). Thus the discovery of a single neutral Higgs scalar, which is a likely scenario in the early stages of the LHC experiment, will yield very little information regarding the underlying theory.
The situation may change dramatically if SUSY is realized in nature in such a way that a sizable number of sparticle induced events change the characteristics of the expected h signal significantly. This can convincingly establish the BSM origin of the discovered boson. Even the discovery of one or more heavier Higgs boson with no counterpart in the SM, would indicate only an extended Higgs sector but not the existence of new heavy sparticles.
The mass of h is always bounded from above (m h ≤ 140 GeV) [4] in supersymmetric theories. As a consequence the search strategy for it is very similar to that for the standard Higgs boson with mass within the above bound especially in the decoupling region. If m h < 130 GeV, an important discovery channel would be the inclusive di-photon + X channel with a relatively modest integrated luminosity (L) of a few tens of fb −1 at the 14 TeV run of the LHC (see Figure 10 .38 of [6] ). Here X stands for any other particle accompanying the h signal. This signal stems from h production at the LHC via several channels, followed by the one loop decay h → γγ. The suppression of the signal due to the tiny branching ratio (BR) of this decay ( ∼ 10 −3 ) is adequately compensated by the relatively low SM background. In the MSSM also a small peak in the γ γ invariant mass distribution around the h mass would establish the h signal (see Figure 11 .37 of [6] ).
Among various models of softly broken supersymmetry the Gauge Mediated Supersymmetry Breaking (GMSB) models [10, 11] (to be briefly reviewed below) predict a large number of di-photon + X events at LHC energies coming from the production of strongly interacting sparticles. In this paper we wish to focus on the impact of these events on the di-photon invariant mass distribution to be studied by the dedicated h-search experiments with utmost care.
In these models the gravitino with negligible mass turns out to be the lightest supersymmetric particle (LSP) and, hence, the carrier of missing energy. If the lightest neutralino ( χ 0 1 ) is the next lightest supersymmetric particle (NLSP), it can decay into the LSP and a photon with a large BR. In R-parity conserving supersymmetry, sparticles are produced in pairs and each of them eventually decay, through a cascade, into a gravitino-photon pair. Each SUSY event in this scenario will, therefore, have the 2γ + X topology. Thus the pair production of squarks and gluinos in any combination having a large cross section may leave their signature in the observed γ γ invariant mass distribution.
The Plan of the paper is as follows. In the next section we briefly describe different GMSB scenarios and the present collider constraints on them. We also define our benchmark points for the analysis. In section 3, we present our main results on the di-photon invariant mass distribution in GMSB models at the LHC. Our emphasis will be on the ongoing LHC experiments. However, the possibilities for the 14 TeV experiments will also be briefly touched upon. Our conclusions will be summarized in section 4.
2 Different GMSB scenarios, sparticle spectra and the current collider constraints
To begin with we shall review the constraints from different collider experiments on the parameter space of the minimal GMSB (mGMSB) model [10, 11] . We also wish to add a few points regarding the approximations in obtaining these bounds and the resulting uncertainties which have not been sufficiently elucidated in the current literature. In this model the soft breaking parameters are generated via the gauge interactions of the SM. As a result the sparticles with the same SM quantum numbers but different flavours acquire the same mass. This keeps the potentially dangerous flavour changing neutral current induced processes under control. (5)), the value of the unification scale or the GUT scale (M G ) does not change. However, coupling constant unification constrains the number of messenger superfields(N) to be ≤ 5.
The simple mGMSB model is characterized by five parameters [10, 11] Λ, M, N , tan β and sign (µ) where Λ = F / S is the SUSY breaking scale in the observable sector, M is the messenger mass scale, N is the number of messenger multiplets belonging to the 5 +5 representation of SU (5), tan β is the ratio of the vacuum expectation values of the neutral Higgs fields in the observable sector and µ is the Higgs mixing parameter in the superpotential with magnitude fixed by the radiative symmetry breaking condition. It bears recall that the soft breaking trilinear (A) and bilinear (B) parameters are generated by higher order processes and are small at the messenger scale M. The weak scale parameters are then obtained by the standard renormalization group (RG) evolutions. The sparticle spectrum at the weak scale can be computed by both SUSPECT version 2.41 [12] and ISAJET [13] . The phenomenology of this model has been discussed by various authors [14] The current experimental lower bound on the Higgs boson mass from LEP m h > 114. 4 GeV [15] poses the strongest constraint on the parameter space of the mGMSB model. Given the input parameters one can compute the Higgs mass including higher order corrections. In this paper m h > 114.4 GeV will be henceforth referred to as the stronger bound on the computed h-mass. However, there is an estimated theoretical uncertainty of about 3 GeV on the computed h-mass due to yet unknown higher order effects [16] . In view of this a point in the parameter space with computed m h ≥ 111.4 GeV ( the weaker h-mass bound) may still be acceptable. In Figure 1 we present m h computed as a function of Λ. We take m t =173 GeV, M =2Λ, N =1. Thus should the Higgs mass bound continues to be pushed upwards, the squark-gluino search at the LHC, as predicted by mGMSB, will be quite challenging.
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The DØ and CDF collaborations have put strong constraints on NLSP (χ 0 1 ) mass. In order to obtain quantitative results they consider SPS8 slope in the mGMSB model which has only one parameter Λ. The other parameters are fixed and given by M =2Λ, tan β=15, N =1 and µ > 0. The lifetime of the χ 0 1 is not fixed by these parameters and it is assumed to be sufficiently short. It means that the photon coming from the decay of χ 0 1 is prompt. The gaugino pair production processes are expected to be dominant at the Tevatron. The decay of two χ 0 1 produce two photons and gravitinos that give rise to missing energy.
The latest constraint is from DØ collaboration who have obtained a lower bound 124 TeV on the scale Λ with 6.3 fb −1 of data at Run II [17] . We have computed the leading order (LO) cross sections for the dominant SUSY processes at Tevatron energies (mainly electroweak gaugino pair production) using PYTHIA [18] . The next to leading order(NLO) cross section and the K factor with renormalization scale(
is computed by PROSPINO [19, 20] . Our cross section for Λ=124 TeV (assuming SPS8 point) is in good agreement with the result in [17] . We find that the above bound corresponds to an upper bound on the SUSY production cross section of 4.5 fb. For promptly decaying χ (6.5) . It follows that irrespective of the uncertainties in m h due to higher order corrections and the choice of tan β, values of Λ smaller than 124 TeV are disfavoured. This bound also supersedes the earlier CDF lower bound on SUSY scale 107 TeV [21] . The assumptions underlying this bound will be critically examined below.
Strictly speaking the DØ bound is valid for the snowmass slope SPS8 with variable Λ. The other parameters are M = 2 Λ, N = 1, tan β = 15 and sign (µ) > 0. For N 2, the scenario reduces to aτ NLSP scenario which is not under consideration in the present paper.
However, keeping other parameters fixed and varying tan β we have checked that neither the cross sections of the dominant processes( χ [17, 21] ) at the Tevatron energy nor the χ + and χ 0 2 masses vary appreciably with tan β. This is, however, expected since over the scanned parameter space the above gauginos are wino like to a very good approximation and have masses controlled by the SU (2) Gaugino mass M 2 at the weak scale. The cross section, therefore, shows only a mild tan β dependence.
The bino-like χ 0 1 mass on the other hand is determined by the U (1) gaugino mass parameter (M 1 ) at the weak scale related to M 2 by the gaugino mass unification condition. We shall, therefore, use the DØ bound throughout this analysis unless the electroweak gauginos happen to be significantly mixed, which is often the case for non-minimal models to be discussed below. t dependence in the radiative corrections to m h ). The minimum value of Λ consistent with the weaker or stronger h-mass bound as a function of m t is presented in Figure 3 for two values of tan β: 5 and 20. The top masses on the X-axis are allowed by the current bound obtained by a recent CDF measurement m t = 173.13 ± 1.2 [22] .
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These curves illustrate the uncertainty in Λ min due to the present error in m t . The neutralino mass bound, on the other hand, shows no strong m t -dependence. Throughout this paper we shall use m t = 173 GeV.
In summary, while choosing the representative points for calculating the SUSY contribution to the di-photon invariant mass spectrum in the GMSB model, the Λ min from the weaker h-mass bound (neutralino mass bound ) should be used for tan < ∼ 6.5 ( tan > 6.5).
Another theoretical uncertainty comes from the choice of the messenger scale M. In Table 1 we present the variation of the sparticle spectrum with M. We find that the variation of M within moderate ranges does not affect the spectrum and, hence, the collider signatures drastically.
It should be emphasized that the CDF and DØ experiments actually constrain the quantity σ SUSY × BR( χ
2 , where σ SUSY is the total sparticle production cross section within the kinematic reach of the Tevatron,
is the branching ratio underlying each single photon event. The cross section limit quoted above is, therefore, subject to the model dependent assumption BR ( χ Table 2 : Branching fraction of χ 0 1 → γG for tan β=20 and M = 2Λ in the mGMSB model. channels of χ 0 1 are given, e.g., in Eqs 3.7 -3.12 of [11] . The relative width of the χ 0 1 decay into γ and Z is given by (following the notation of [11] )
As long as the χ 0 1 is a pure Bino, which is almost always the case in mGMSB, the ratio (
Moreover for relatively small Λ, m χ 0 1 ≈ m Z , and the Z-channel is strongly suppressed compared to the γ channel. However, as Λ and m χ 0 1 increases, the relative importance of the Z-channel increases even in the mGMSB model, due to the factor (1
As a result the BR ( χ 0 1 → γG) becomes significantly smaller than one. This is illustrated in Table 2 . For Λ ≈ 125 TeV, which is the current limit from the Tevatron, limit. In the following we shall also consider more general GMSB models where the value of the BR is considerably smaller than unity and must be taken into account before extracting any limit from the Tevatron data. In view of the above discussions we have chosen the points in Table 3 which are consistent with the constraints discussed above, for estimating the squark gluino contribution to the γ − γ invariant mass distribution from di-photon + X events in the mGMSB model. bound, since tan β = 20. This leads to mg = 1035 GeV and mq = 1334 GeV. The squark-gluino contributions to the di-photon + X events in these scenarios will be computed in the next section.
In the mGMSB model a single scale (Λ) controls both the sfermion and gaugino masses. As a result these masses are of the same order. Over the years several extensions of the mGMSB models have been proposed. We shall collectively call them non-minimal models. For phenomenological studies such extensions can be realized by introducing new parameters in addition to the set of five parameters mentioned above.
One possibility is that the gaugino masses may be suppressed with respect to the sfermion masses [23] . This scenario can be studied by introducing a parameter R (< 1) such that Λ G = RΛ S , where Λ G (Λ S ) is the scale in the gaugino ( scalar ) sector at the messenger scale.
More recently theoretically well-motivated extensions of the mGMSB model reflecting the above feature have been constructed. In a wide class of models the gaugino mass scale (Λ G ) happens to be severely suppressed in comparison to the sfermion mass scale (Λ S ) [24] . This suppression is a consequence of expanding around the lowest classical vacuum of the low energy effective theory [25] . This can be avoided, e.g., if the vacuum is an excited metastable state. It is, therefore, possible to construct gauge mediation models where the ratio of gaugino and sfermion masses continuously vary from very small to large values [26] .
The sparticle spectra and BRs for different R can be computed by using, for example, online version of ISAJET.
For R < 1 the gluino mass is expected to be significantly smaller than that in the mGMSB model (R =1) with Λ = Λ S . However, the chargino and the neutralino masses will also be correspondingly suppressed in the above model. Hence, the Tevatron bound does not allow arbitrarily small R as we shall see below.
For example, with Λ S =124, which corresponds to the Tevatron lower bound in the mGMSB model (see Point II)
, we obtain for R = 0.6, m Higgs masses in this two case are 112.7(117.5) GeV which is above the weaker m h bound. Thus in contrast to the mGMSB model, the lower bound on Λ comes from the Tevatron data for both low and high tan β. It is now easy to check the lower bounds on the gluino and average squark masses. They are m g ≈ 1030 GeV and mq ≈ 2 TeV. Thus although the minimum gluino mass is less than or comparable to the corresponding values in the mGMSB model, the average squark mass is much larger. Thus in general the size of the total squark-gluino signal and, consequently, the SUSY induced di-photon signal is expected to be smaller in non-minimal models with R < 1 compared to the corresponding mGMSB model. It has further been pointed out that not only the overall mass scales in the gaugino and sfermion sectors may be different, the SU (3), SU (2) and U (1) contributions of messenger fields to the masses of the gauginos and the BP III BP IV BP V BP VI BP VII BP VIII tanβ=5 tanβ=20 tanβ=5 tanβ=20 tanβ=5 tanβ=20 Masses  Λ=160  Λ=170  Λ= 145  Λ=138  Λ=132  Λ=96   N1=N2=2,  N1=N2=2,  N1=N2=2,  N1=N2=2,  N1=N2=2 , N1=N2=2, Table 4 : Spectra for benchmark points in different non-minimal GMSB scenarios.
sfermions having different gauge quantum numbers, may also differ from each other. This happens, e.g, when the messenger fields do not belong to a complete multiplet of a GUT group (say, SU (5)) [23] .
Let us concentrate on a phenomenological model characterized by 5 parameters in addition to M, tan β and sign(µ): R (defined above), Λ S , N 1 , N 2 and N 3 . In the limit R = 1 and N 1 = N 2 = N 3 = N , this model reduces to mGMSB. The explicit mass formulae for the sfermions and the gauginos and further references can be found in Appendix A of [23] .
The sparticle spectrum in this model can be computed by ISAJET. The Bino, Wino and gluino masses at the messenger scale are proportional to N 1 , N 2 and N 3 respectively. Clearly if N 1 , N 2 > N 3 , the mass difference between the electroweak gauginos and gluinos at the electroweak scale obtained by renormalization group evolution, will be reduced. Thus in this scenario the Tevatron bound becomes compatible with relatively light gluinos and, hence, one obtains a larger number of SUSY induced di-photon events. We illustrate some representative sparticle spectra with several benchmark points ( BP III -BP VIII) in Table 4 .
For each point in Table 4 are given in Table 5 . Comparing the computed value with the the cross section upper bound from Tevatron data, we obtain Λ min in each case. Each Λ S presented in Table 4 is above the corresponding Λ min . It may be noted from Table 4 that for most of the non-minimal models of this type, the gluino masses are significantly smaller than one TeV. Another point of phenomenological interest is the composition of the electroweak gauginos. In the non-minimal model µ as determined by the electroweak symmetry breaking condition often turns out to be comparable or even smaller than M 1 . As a result the higgsino component of the NLSP changes significantly. In Table 6 we present M 1 , M 2 and µ in each model. The BR ( χ 0 1 → γG) is also shown. It follows that whenever the NLSP develops a significant higgsino component, channels like χ General gauge mediated symmetry breaking (GGMSB) models have been proposed recently [27] . These theoretically well-motivated models incorporate the features of the above phenomenological models. A large number of authors have recently studied the phenomenology of GGMSB [28] . In such a general framework, all gaugino mass parameters are independent of each other and squark masses and gluino mass are not correlated. Thus squark masses can be lighter in contrast to the models discussed above. To illustrate this point, we take two benchmark points where squark masses are free parameters. In BP IX, we take the point BP III and set all squark masses to be 1 TeV. The BP X point is identical to BP V with mq = mg.
The total SUSY cross section at the LHC in each scenario is also presented in Table 6 : The average squark mass, gluino mass, total NLO SUSY production cross section at the LHC for √ s=14 TeV (7 TeV) and BR(χ 1 → γ +G) for benchmark points ( BP I to BP X). The elctroewak gaugino mass parameters M 1 , M 2 and µ are also
given . Note that in case of BP I, BP II and BP VII, the EW gaugino production cross sections are are comparable to the strong production cross sections.
next to leading order (NLO) squark gluino cross sections are computed by PROSPINO [19] . The relatively modest electroweak production cross sections are computed by PYTHIA and multiplied by the appropriate K factor, as discussed above. In each case the QCD scale is chosen to be equal to the mass or the average mass of the sparticles in the final state and CTEQ 5L and CTEQ 5M parton density functions have been used for LO and NLO cross sections respectively. The cross sections agree well with ref [29] .
It is found that the scenarios with relatively light gluinos ( BP III -VI) have significantly larger cross sections compared to the representative mGMSB scenarios ( BP I and BP II). However, for R = 1, ( BP VII and BP VIII) the NLSP has substantial higgsino component. As a result the relevant BRs are also small in the corresponding models and, consequently, the number of the SUSY di-photon events is rather small as we shall see in the next section.
Recently the CMS collaboration has reported negative results for squark-gluino search [30] search in the diphoton + E T channel in the context of a simplified GGMSB model [31] . In this model the mχ 0 1 (the NLSP mass), Mq and Mg at the weak scale are taken as variables whereas all all other sparticle masses are fixed at 1.5
TeV. The impact of the squark-gluino induced di-photons in this case on the γ γ invariant mass data collected by dedicated Higgs search experiments in the context of this model will also be reported in the next section.
3
Footprints of squark-gluino events in the di-photon invariant mass data collected by the Higgs search experiments at the LHC.
From the sparticle spectra presented in the last section we find that in all cases the pseudoscalar Higgs boson mass (M A ) is much larger than M Z . Hence we are in the deep decoupling regime. As a result the production cross sections and the BRs of the h-boson are practically the same as the SM Higgs boson having the same mass. For h-bosons with masses a few GeV above the LEP lower bound, the di-photon+ X channel is the most promising signal.
As already mentioned in the introduction the prospect of discovering the h-signal in the di-photon+ X channel at the LHC, is not the main concern of this paper. This has been dealt with in great depth by the LHC collaborations [6, 7] . Our main task is to study the possibility of distortion in the tail of the γ − γ invariant mass distributions in different GMSB scenarios in typical Higgs search experiments. For this we simulate by PYTHIA the SM backgrounds and squark-gluino events in the models discussed in Section 2 using the cuts employed by Higgs search experiments.
We begin by following the standard selection procedures for Higgs search in the di-photon + X channel by the CMS collaboration [6] at 14 TeV. We note that ATLAS collaboration [32] has used same cuts both for 7 and 14 TeV analyses. Thus our approach seems to be reasonable.
We require events with exactly two isolated photons with pseudo-rapidity |η| < 2.5 and p T greater than 40 GeV and 35 GeV respectively. We put the following isolation conditions on photons.
1. No charged particles with p T larger than 1.5 GeV/c should be present inside a cone with ∆R < 0.3 around the photon candidate where ∆R = ∆η 2 + ∆φ 2 .
2. The total E T of electrons or photons with 0.06 < ∆R < 0.35 around the direction of the selected photon candidate, must be less than 6 GeV in the barrel and 3 GeV in the endcaps.
3. The total transverse energies of hadrons within ∆R < 0.3 around the photon candidate must be less than 6 GeV in the barrel and 5 GeV in the endcaps.
The irreducible SM backgrounds are from i)qq → γ γ and ii) g g → γγ events. We generate these backgrounds by PYTHIA 6.4.21 subject to the above cuts. The LO cross sections of the backgrounds are computed by PYTHIA. The K factors of these two processes are given in [6] for 14 TeV LHC(1.5 and 1.2 respectively). The NLO cross sections for the SM backgrounds at 7 TeV are not available in the literature. As a reasonable guess we take the same K factor for i) and (ii) to be 1.5 and 1.2.
The additional cuts related to photon reconstruction employed by the CMS collaboration cannot be implemented in our analysis with the toy detector of PYTHIA. We assume that their absence will affect the SUSY events and the background similarly and our main conclusions will be by and large valid. We have also ignored the instrumental backgrounds. We admit that the main purpose of this analysis is to illustrate the possibility of distortion in the shape of an expected distribution due to new physics and not to present very accurate numerical results.
The sparticle spectra in different non-minimal models (BP III -VIII in Table 4 ) can be readily generated by online ISAJET [13] . The spectra in mGMSB (BP I and II in Table 3 ) and GGMSB models (BP IX and X ) have been generated by SUSYHIT [34] . Finally the spectra are interfaced with PYTHIA for event generation.
For squark-gluino events the NLO cross sections are directly computed by PROSPINO (see section 2). Table 7 : Number of events for L = 1 fb −1 in different invariant mass bins in benchmark scenarios presented in Table 6 . We consider bins with Mγγ > 200 GeV or more at LHC 7 TeV run.
We next compute invariant mass distribution of the di-photons from h-decays, the squark-gluino events and the SM backgrounds. We show in Table 7 the total number of events in all bins with M γγ ≥ 200, 300, 400, 500
and 600 GeV for different benchmark points for L = 1fb −1 . We have checked that the number of events from the Higgs signal in these bins are indeed negligible but sizable contributions come from the other two sources.
It is interesting to note that the contribution from the squark-gluino events are statistically significant in some cases. For example, the total number of background events (B) in all bins with M γγ ≥ 300 for L = 2fb We next consider the simplified GGMSB model studied by the CMS collaboration [30] , briefly discussed at the end of section 3. We fix m We next repeat the above analysis for experiments at LHC -14 TeV. The cross sections in Table 8 are from the CMS TDR [6] , Table 2 .1 for m h = 115 GeV at a proton-proton center-of-mass energy of √ s=14 TeV. The NLO cross sections of the dominant SM backgrounds are also taken from [6] .
The irreducible SM backgrounds discussed before and the di-photon events stemming from squark-gluino events in different GMSB models are generated by PYTHIA.
M γγ (GeV)
fb − We present in Figure 5 the distribution of M γγ from the decay of a Higgs with m h =115 GeV (the tiny blue histogram), the SM backgrounds (the black histogram) and the squark-gluino events from BP IX (the red histogram)for L = 1 f b −1 at 14 TeV center-of-mass energy. The combined distribution of the SM backgrounds and the SUSY events is also shown ( the purple histogram). It is found that the SM background falls off rapidly for higher values of the invariant mass. Whereas, the SUSY contribution is fairly constant for a significant part of that region. The distribution of events in different bins is shown in Table 9 .
On the basis of the earlier simulations [6] one does not expect a statistically significant Higgs signal at this tiny Table 9 . The presence of squark gluino events may be revealed by other distributions as well. We present in Figure 6 the effective mass distribution of the Higgs signal , the SM background and the SUSY events for BP IX for L = 1 fb −1 at 14 TeV. We have defined the effective mass M ef f as the scalar sum of jet p T 's, lepton p T 's, photon p T 's and missing transverse momentum:
The peak of the distribution at a high M ef f strongly indicate some BSM physics with new heavy particles and disfavour models with an extended Higgs sector but no new heavy particles.
M q (TeV)
M~ ( A few di-photon events resulting from sparticle production in some GGMSB model may enter into the Higgs peak. In Table 10 we present the di-photon + X events in the neighbourhood of the Higgs peak at 115 for different scenarios for L = 1fb −1 at 14 TeV. In a bin of m h ± 1.4, as suggested in [7] , we find the number of genuine Higgs induced events to be 43. The SUSY contributions to the same region are 33, 24, 47 and 19 for BP III, BP IV, BP IX and BP X respectively. Thus the presence of SUSY events is indeed significant.
Of course a suitable cut can easily eliminate these unwanted events. For example, the distribution in Figure 6 suggests that a cut of M ef f < 300 can eliminate the SUSY contributions around the Higgs mass peak, while the Higgs signal and the SM backgrounds remain practically unaffected. Before the cut, however, the non-standard origin of the Higgs boson will be revealed by the M ef f distribution. The SUSY events around the Higgs peak can also be eliminated by putting an upper cut on the E T . However, as already discussed the M ef f distribution provides a strong hint for the presence of new heavy particles, whereas large E T can come from massless particles and/or jet energy mis-measurements.
Conclusion
In this paper we analyze the invariant mass distribution of the di-photons to be minutely studied by the dedicated Higgs search experiments in the di-photon + X channel at the LHC. In the SM only a tiny peak at m h above the SM background is expected. In GMSB models, in contrast, the di-photons stemming from squark-gluino events may distort the tail of the distribution far away from the Higgs mass peak revealing the non-standard origin of the Higgs boson. In this paper we explore this possibility both at LHC 7 TeV and 14
TeV experiments by considering benchmark points in different GMSB models -minimal as well as non-minimal (Table 5 ) [10, 11, 23, 24, 25, 26, 27] . We also consider a simplified model recently employed by the CMS collaboration to interpret their negative results for SUSY search in the GGMSB models and illustrate the above point through a detailed parameter space scan.
We first consider the minimal GMSB [10, 11] model subject to the lower bounds on m h from LEP and on the lightest neutralino (NLSP) mass (or equivalently on the scale Λ) from Tevatron (see Figures 1 and 2 ). The resulting lower bounds on the squark-gluino masses are so strong that di-photon events induced by sparticle production with tiny cross-sections are unlikely to affect the h-signal. This has been illustrated with the help of two benchmark points (BP I and II, Table 3 ) in section 3.
The DØ and the CDF experiments actually constrain quantity σ SUSY × BR( χ 2 is significantly smaller than 1, the limit on σ SUSY and, consequently, on Λ or the NLSP mass become weaker. This can happen in the mGMSB model (Table 2) and, more importantly, in its generalizations (Table 6 ). While extracting Λ min from the Tevatron data in different models we have taken this possible reduction into account and have selected our benchmark points accordingly (see Table 4 ). In some of the models the total squark-gluino cross sections are significantly larger than the expected values in the mGMSB model and the relevant BRs are not too small either (see Table 6 ). More recently it has been shown that the distinct features of these phenomenological models can be incorporated into theoretically well-motivated models [24, 25, 26, 27] .
Our main results are as follows:
1. The di-photon + X events from sparticle production may change the shape of the tail of the γ −γ invariant mass distributions which will be analyzed with utmost care by the LHC experiments. This distortion was shown to be statistically significant in several benchmark scenarios of the non-minimal GMSB models for both LHC 7 TeV (Table 7 ) and 14 TeV (Table 9) 2. Other observables like the effective mass distribution of the di-photon events may also contain hints of new physics consisting of heavy particles ( Figure 6 ). Unexpected shapes of this distribution may disfavour not only the SM but i) extensions of it with larger Higgs sectors but no new heavy particles, ii) models with other SUSY breaking mechanisms like mSUGRA which do not have natural sources of di-photon events from sparticle production and iii) the mGMSB model subject to the constraints from LEP and Tevatron.
3. The squark-gluino induced γ − γ events may contaminate the peak of the invariant mass distribution at m h (see Table 10 ). To improve the purity of the h-signal one may implement cuts on suitable kinematical variables like an upper cut on the effective mass (see Figure 6 ) or an upper cut on the missing energy which eliminate the sparticle induced events in the Higgs peak. 
